.
True peptones are bodies not precipitated by saturation with ammonium sulphate, and are the final products of pepsin digestion.
Since the discovery of the albumoses and of their characteristics 2 , frequent study of digestive mixtures has given convincing proof that in an ordinary gastric digestion of any common proteid only a comparatively small amount of peptone is formed hydration of the primary products; the change, however, according to our view, being a very gradual one.
Obviously then, what we have often termed peptone in the past has been in reality proteose, or at the most a mixture of one or more proteoses and peptone. With these thoughts in mind it has been the object in the experiments about to be described to obtain some positive data regarding the relative formation of albumoses and peptone in artificial gastric digestion, especially in view of the fact that certain observers claim that peptonization may result from a direct change of acid-albumin and that " propeptone" or albumose is not a necessary antecedent of peptone, or that, if so, it is quickly converted into peptone. Boas 1 even goes so far as to say that peptone alone is to be looked on as the product of the action of pepsin and acid, that acid-albumin and propeptone are simply bye products resulting from the action of acid alone, and that where active gastric juice is present there peptone only will be found as the final end product.
Obviously, we must first decide what we understand by the word peptone. All physiologists are presumably agreed that peptone is the final product of gastric digestion, but many still persist in applying the term to any or all products of gastric digestion not precipitable by neutralization, or on addition of acetic acid and saturated solution of sodium chloride. The latter test, however, will not show the presence even of deuteroalbumose, and will only incompletely precipitate proto and heteroalbumose unless the salt is present to saturation. The only certain method of separating the primary products of digestion from peptone is to saturate the neutral digestive fluid with ammonium sulphate, while hot, and even then it is sometimes difficult to remove the last trace of deuteroalbumose. A negative reaction therefore with acetic acid and saturated salt solution is no proof whatever of the absence of proteoses. Again, some physiologists claim that peptones are precipitated by saturation with ammonium sulphate and that consequently this reaction is void of significance. The filtrate and washings containing the proteoses and peptone were concentrated to a small volume, made slightly acid with acetic acid, and then while hot carefully saturated with pure ammonium sulphate. In this operation care was exercised not to add an excess of the ammonium salt, but just enough to completely saturate the fluid. Finally, the completely saturated fluid was heated almost to boiling and when a film of the ammonium salt appeared on the surface of the fluid and the proteoses were collected together in a solid gummy mass, the hot fluid containing the peptone was quickly decanted, while the proteoses usually adhered tenaciously to the walls of the vessel. In some cases, however, it was found necessary to collect the precipitate on a filter, using a hot water funnel. The precipitated albumoses were then washed several times with a hot saturated solution of ammonium sulphate for the complete removal of the peptone. Owing to the gummy character of the proteose precipitate this could be accomplished only by thoroughly kneading the mass with the hot or even boiling sulphate solution. The washed precipitate was next dissolved in a little hot water and the solution carefully rinsed into a small weighed capsule, in which it was evaporated to dryness on a water-bath and then dried at 110°C. until of constant weight. The ammonium sulphate contained in the proteoses was next determined. This was accomplished by dissolving the dried mass in considerable water, filtering from any undissolved matter, adding a drop or two of hydrochloric acid and precipitating the sulphuric acid with barium chloride from a hot dilute fluid after the ordinary method 1 .
From the weight of barium sulphate so obtained the ammonium sulphate was calculated 2 , and the weight deducted from the weight of the proteose precipitate. Duplicate trials of this method of determining the proteoses gave closely agreeing results, thus indicating its accuracy. Deducting the combined weight of the proteose and neutralization precipitate from the weight of the dry proteid used in the digestion 1 Generally it was found advantageous to dilute the solution up to some given volume and to use only a fraction, say one-fifth, for the determination of S0 3 . This method likewise enabled us to verify the result by duplicate determinations.
gives the amount of true peptone formed, and probably with greater accuracy than any direct method of determination at present known. One other point needs to be noticed in this description of the method employed; viz. the occasional error introduced by the proteoses contained in the pepsin solution. In some cases this error was so small as to hardly need consideration, but we always recognized its possibility and obviated it by running a blank experiment with the pepsin and acid alone. That is to say, the same volume of pepsin-acid solution as used in the digestion was warmed at 40°C. for the same length of time as the digestive mixture itself and the proteoses, peptone, and neutralization precipitate determined and correction made accordingly.
In this experiment o'6 gram of a fairly pure dry scale pepsin, purified by dialysis, was dissolved in 800 c.c. of o*2 per cent, hydrochloric acid. To this solution 120 grams of finely divided, coagulated egg-albumin were added and the mixture warmed at 40°C. in a closed flask. This quantity of pepsin and acid was capable of dissolving twelve times the amount of egg-albumin used, as shown by a trial experiment.
Solution of the proteid matter occurred within a few hours, but the first fraction of the fluid was not drawn off for analysis until the 42nd hour, the second fraction at the 69th hour, the third fraction at the 91st hour, while the last fraction was kept at 40°C. for 142 hours. Each fraction was the same in volume, and inasmuch as all of the albumin was dissolved before the first fraction was withdrawn, each portion contained the same amount of dissolved proteid or its products. Obviously, regard was had to the increase in the total volume of the digestive fluid from the 120 grams of albumin added.
The weight of dry albumin corresponding to one-fourth of the coagulated albumin, he. the amount of dry albumin dissolved in each fraction of fluid analyzed, was 3*547 grams 1 .
Following are the results obtained, the percentages being calculated on the weight of dry albumin used. In this experiment, 150 grams of coagulated egg-albumin were added to an artificial gastric juice prepared by dissolving 1-0 gram of a very active pepsin in 1 litre of 0 "2 per cent, hydrochloric acid and the mixture placed in a bath at 40°C. In less than two hours the entire amount of albumin was dissolved. The first fraction of fluid was withdrawn at the end of 6 hours, the second fraction at the end of 22 hours, the third fraction at the end of 28 hours, and the fourth and fifth fractions at the end of 118 hours. The fifth fraction differed from its companion in containing an additional amount of pepsin and acid. As is evident from the description, each fraction of the digestive fluid contained 02 gram of dry pepsin and 200 c.c, of o'2 per cent, hydrochloric acid. The fifth fraction, however, at the end of 47 hours, had added to it 0T gram more pepsin and 200 c.c. more 0-2 per cent, hydrochloric acid. The fluid was then continued at 40°C., by the side of the fourth fraction, for 118 hours, differing from its companion simply in containing an additional quantity of pepsin and acid. The three digestions of this experiment were carried on in separate beakers. Each mixture contained 30 grams of freshly coagulated eggalbumin, 0"2 gram of the same pepsin as used in the preceding expei'iment and 300 c.c. of 0 -4 per cent, hydrochloric acid. Each portion of coagulated albumin contained 4T805 grams of dry proteid.
Following are the results obtained ;
In spite of the great length of time the third mixture was warmed at 40°C., viz. 17 days, only 53"8 per cent, of peptone was formed.
Sixth Experiment.
In this experiment, the proteid matter employed was blood fibrin, thoroughly washed and boiled. As in the preceding experiment, the individual digestions were carried on in separate beakers, each mixture consisting of 20 grams of boiled fibrin, 300 c. To how great an extent it will be necessary to modify these conclusions in applying them to the proteolytic changes of natural digestion, we cannot now say.
